Osteoblastic and osteoclastic differentiation of human mesenchymal stem cells and monocytes in a miniaturized three-dimensional culture with mineral granules.
The pathologies of the skeleton have a significant socioeconomic impact on our population. Although therapies have improved the treatment of osteosarcoma and osteoporosis, their efficacy still remains limited. In this context, we developed a miniaturized 3-D culture model of bone cells on calcium phosphate ceramics. Human bone marrow mesenchymal stem cells (MSCs) were three-dimensionally cultured on particles of biphasic calcium phosphate (BCP, 125-200μm) in osteogenic media. The MSCs seeded on the BCP particles adhered and proliferated, producing abundant collagenous extracellular matrix (ECM). Light and confocal laser scanning microscopy showed that the MSCs created bridges between the BCP particles and formed a 3-D structure. Energy dispersive X-ray analysis in a scanning electron microscope confirmed the mineralization of the collagen matrix. The 96-well sized bone constructs were tested by immunohistology and transcription analysis, proving cell differentiation. Both techniques corroborated the osteoblastic differentiation with high production of bone sialoprotein and osteocalcin. Peripheral blood CD14-positive monocytes (MOs) were pre-differentiated into osteoclasts prior to seeding on the 3-D constructs. Multinucleated and tartrate-resistant acid phosphatase-positive cells were also identified at the surface of the 3-D constructs after 90days of culture. In addition, cell viability within these constructs was measured by flow cytometry. In summary, we have developed a miniaturized 3-D culture of bone cell precursors with osteoblasts and osteoclasts. This 3-D culture may make it possible to test the effects of new drugs for bone healing, osteoporosis and osteosarcomas, in more appropriate cell-cell and cell-matrix interactions than conventional 2-D cultures.